The effectiveness of steel slag as an aggregates replacements in concrete mixture by Mohd Lokman, Muhammad Nazrin et al.
Concrete Technology: Research and Applications Series 2 
 
105 
 
 
CHAPTER 8 
The Effectiveness of Steel Slag as an Aggregates Replacements in 
Concrete Mixture  
Muhammad Nazrin Mohd Lokman1*, Mohammad Hafiz Lukman1, Shahiron Shahidan1,  
Alif Syazani Leman1 
 
1 Jamilus Research Center, Faculty of Civil and Environmental Engineering, 
  Universiti Tun Hussein Onn Malaysia, 86400, Batu Pahat, Malaysia 
* nazrinlokman92@gmail.com 
 
 Abstract  
In an era of rapid development is necessarily required the use of high-tech 
concrete as basic material for structural constructions. At the same time, 
most of the studies have been conducted on solid waste as a replacement 
material in concrete. Therefore, the use of steel slag for aggregate 
replacement in concrete will be done. The 2-4 tons of wastes are produced 
during the manufacture of every single tonne of steel [1]. The goal and 
purpose of this review to know the compressive strength of concrete and the 
workability of concrete in the cube to replace coarse aggregate with steel 
slag in the concrete mix. Time to test the strength of concrete is 7 days and 
28 days with the percentage of steel slag is 0%, 40%, 60%, 80% and 100% for 
the ratio 1:1:2. There are two tests that have been carried out in this review 
such as slump test and compressive strength tests. Results of this study proved 
that the concrete mix by using steel slag on a high percentage is sub-
standard British Standards (BS) in terms of compressive strength, and 
workability. In conclusion, it appears that this review meets the objectives of 
the testing the suitability and workability properties of aggregate mixture with 
steel slag in the concrete mix, testing the compressive strength of aggregate 
mixture with steel slag in the concrete mix and determine the optimal  
 
percentage that can be used by steel slag as a substitute aggregate in the 
concrete mix. 
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1.0  INTRODUCTION 
Concrete is one of the prime materials for structures and it is widely used for 
various applications all over the world [2]. The advantage of using this 
material in construction is that this material can save costs as well as easy to 
get and can make building structures strong. Additionally, it is now possible 
to see that various additives have been used in concrete mixtures and this is 
common in industrial construction. This additive is added to the concrete mix 
is aimed at improving the existing concrete properties such as physical 
characteristics, concrete workability, strength, durability and so on [3]. Since 
the use of common additives is used in concrete mixtures, a study should be 
conducted to understand the alteration of properties when other additives 
are used. 
 The use and diversity of the materials used equally to improve or 
reinforce the concrete is in line with the development of existing concrete 
technologies. The use of steel slag as an additive in concrete mix is a new 
technology example. Therefore, this review will focus on the impact of the 
addition of steel slag in the concrete mix especially on the strength of 
concrete conflicts. Large amount of steel slag was always disposed as waste 
which results in the waste of resource, environmental pollution even 
ecological destruction. Now, there is not the specific regulation of the use of 
steel slag as aggregates in concrete [4]. However, the possibility of their use 
in concrete with technological and ecological benefits has been studied 
from different researchers [5,6]. Earlier researchers have utilized other types 
of steel slag as both fine and coarse aggregate replacement successfully in 
concrete. 
 The high demand for concrete for various purposes has led to greater 
demand for aggregates which constitute a major portion in concrete. 
Increased focus is being placed on the utilization of industrial waste materials 
as aggregates in concrete production with the view of conservation of 
natural resources and beneficial recycling of such industrial wastes [7]. The 
main concern related to the acceptance of steel slag for concrete 
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production is the presence of free lime or free magnesia which under goes 
chemical reactions with the water, causing volume deformations, hence 
leading to development of internal stress within the concrete. The steel slag 
before use in concrete structures should contain minimal possible quantity of 
free lime or magnesia, also displaying volumetric stability. The reduction in 
the free lime or magnesia content in steel slag aggregates may be achieved 
by subjecting the aggregates to weathering for six months or more [8]. 
Despite the promising solution introduced, percentage of steel slag being 
recycled is still relatively low where industry wastes are mostly duped in open 
field. Further studies to improve viability of recycled coarse aggregates are 
required to discover its potential as concrete material and promoting its 
application in the construction industry. From previous studies that have 
been carried out on the use of steel slag in OPC concrete and have reported 
better mechanical properties of concrete containing steel slag [9]. 
 
2.0  METHODS AND MATERIAL 
 
2.1  SOURCE OF STEEL SLAG AGGREGATE (SSA) 
The solid waste used in this review was steel slag. The reasons for choosing 
these waste because steel slag different form blast furnace slag, is also the 
inevitable byproduct which is 15~20% of the production of crude steel in steel 
making process [10]. The steel slag was acquired from local industry factory. 
Steel slag is one of the artificial lime stone and silica, commonly used as 
coarse aggregate in High Performance Concrete (HPC) [11]. 
 
2.2  MATERIALS PREPARATION 
The materials used for casting the SSA concrete mixture are Ordinary 
Portland Cement (OPC), fine sand, natural coarse aggregates, steel slag 
aggregate, and water. Steel slag were crushed and classified into standard 
fraction of coarse aggregates (≥20mm) according to by the Department of 
Environmental (DOE). Maximum size of SSA was 20mm. The coarse 
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aggregate used in this experiment was granite and steel slag such as Fig. 1 
[12]. Comparison of the strengths between the control concrete mix and the 
mixing using steel slag can achieve its objectives. 
 
 
 
 
 
 
 
 
Fig. 1: Aggregates and steel slag are used as a replacement for the coarse 
aggregate used in concrete mixes. 
 
2.3  EXPERIMENTAL PROCEDURE 
The use of coarse aggregate in concrete mix has been replaced by steel 
slag. Among the tests carried out in the lab are aggregate sieve tests, slump 
test and compression tests of concrete cube. In addition, concrete mixes 
using coarse aggregate were also tested as a control sample to make a 
comparison of the strengths of the two materials. The size of the cubes used 
is 150mm x 150mm x 150mm.There were 12 cube samples tested using steel 
slag and 6 samples of control cube samples. The ratio used is 1: 1: 2. Samples 
were tested for every 7 days and 28 days. This is due to the comparison of 
concrete strength between control mix and mixed mixtures using steel slag. 
Table 1 shows the percentage of steel slag as a coarse aggregate 
replacement in the mix to be tested. 
 
Table 1: Percentage of steel slag mixtures. 
 
 The percentage of steel slag used 
Ratio 
(1:1:2) 
0% 40% 60% 80% 100% 
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2.4  DESIGN MIXTURE OF STEEL SLAG 
The design mixture for steel slag was determined from the DOE method. The 
target strength of concrete at 28 days is 25 N/mm. The calculation was made 
for each kg/m3 concrete mixes. In the mixture design calculation, a small 
margin of strength grade was added and the target mean strength was 
determined. The procedure is required by the design standard due to 
possible variation from the results and as a control to compensate error at 
the production site. The target mean strength can be determined from the 
Equation (1) and Fig. 2 below; [13] 
fm= fc+ks 
 
Where, 
 
fm  =targeted mean strength of concrete 
fc  =design characteristic strength 
k    =constant defectives according to BS 532 
s  =standard deviation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Normal distribution of concrete strength [13]. 
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2.5  LABORATORY TESTINGS 
Testing of raw material and specimen were conducted to determine the 
properties and behavior of the material and specimens, respectively. 
Among the tests performed were slump test and compression test. 
 
2.5.1  SLUMP TEST 
Slump test is to ensure consistency of the concrete mix as well as to control 
its strength. This test has been carried out on the concrete mix sample that 
was brewed at different times. It has been carried out to determine that the 
mix contains the same amount of water, was not too liquid or too dry. This 
test was done at the site of construction, where the concrete mix was made. 
The sample should be taken from the newly created mix. 
 
Tools and materials used were as follows: 
 i. Metallic cone of 30 cm height and having the diameter of 10 
  cm at the top and 20 cm at the base. 
 ii. A tamping rod of 60 cm length and 1.6 cm diameter is required 
  for concrete slump test. 
 iii. Non-porous base plate 
 iv. Measuring scale. 
 
Work steps (according to JKR standards standard 2005) 
 i. Take concrete samples and fill in the mold within 2 minutes in 
  the same 4 layers. 
 ii. Compact each layer 25 times using a steel rod. 
 iii. The above surface was adjusted and all leakages at the base 
  mold are cleaned. 
 iv. The mold was lifted slowly in upright position. 
 v. Determine the nearest 6 mm sedimentation. If shear or  
  collapse deposition occurs, the test should be repeated using 
  another example. 
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 vi. If the height of the non-collapsible concrete does not exceed 
  3 inches, the test passes and the concrete will be allowed to 
  be brought into the building. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: The mold is lifted and measured the slump. 
 
2.5.2  COMPRESSIVE STRENGTH OF CONCRETE 
The use of relatively steel slag as coarse aggregate enhances the 
compressive strength of concrete. It showed that the strength development 
of steel slag concrete performed much better than normal concrete 
resulting in concrete of higher strength at later ages [14]. Compression test 
was conducted to determine the compressive strength of concrete cube 
samples at 7 and 28 days. The compressive strength test was conducted 
according to BS 1881-116: 1983 [15]. The compressive strength was 
determined by applying the compressive force on the cube samples. 
 
Required Equipment & Apparatus 
 i. 150 mm Cube Molds (with IS Mark) 
 ii. Electronic Weighing Balance 
 iii. G.I Sheet (For Making Concrete) 
 iv. Compressions Testing Machine 
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Work steps 
 i. Place the concrete cubes into the testing machine. (centrally) 
 ii. The cubes should place correctly to the machine plate (check 
  the circle marks on the machine). Carefully align the specimen 
  to the  spherically seated plate. 
 iii. The load was applied to the specimen axially. 
 iv. Slowly apply the load at the rate of 140kg/cm2 per minute till 
  the cube collapse. 
 v. The maximum load at which the specimen breaks was taken 
  as a compressive load. 
 
3.0  RESULTS AND ANALYSIS 
This section presents the results of mechanical properties of steel slag from 
the experimental work which includes its slump test and compressive test. 
The results of slump test and compressive test obtained from the 
experimental study are given in the form of graph and made discussion also. 
 
3.1  SLUMP TEST 
Slump test is conducted on fresh concrete of different mix proportions. The 
obtained slump value for normal concrete is 50 mm. This indicates medium 
workability. Fig. 4 shows the variation of slump value of concrete using steel 
slag. From the graph it is observed that in concrete, percentage of steel slag 
increases and it decreases the workability [16]. 
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Fig. 4: Variation of slump value of concrete using steel slag [16]. 
      
The workability of concrete reduces by the increase in the SSA content. The 
reduction is more significant in the lower water content ratios. This can be 
attributed to the increase in water demand which is difficult to predict [17]. 
The reduction in workability is attributed to the fact that slag aggregate 
particles are angular resulting in reduction of the mobility of concrete. 
 
3.2  COMPRESSIVE TEST 
Concrete cubes of size 150 mm X 150 mm X 150 mm were prepared and the 
specimen is cured, it is tested for compressive strength. The maximum load 
at failure reading was taken. 
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Fig. 5: Compressive strength of concrete using steel slag at 7th & 28th day [16]. 
 
Fig. 5 shows the compressive strength of concrete using steel slag at 7th and 
28th day. It was observed that the strength of concrete increases with the 
increase in the quantity of steel slag as replacement to natural aggregates. 
Up to 60% replacement of coarse aggregate by steel slag, the compressive 
strength of concrete of all concrete mix increases but beyond 60% decrease 
in the strength is observed. The compressive strength of concrete increases 
9.70 % if 60% of coarse aggregate is replaced by steel slag. The improvement 
in strength may be due to shape, size and surface texture of steel slag 
aggregates, which provide better bonding between the particles and 
cement paste. An investigation that the use of SSA as partial replacement of 
natural aggregate, resulted in increase in compressive strength depending 
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on the used replacement ratio and on the water content ratio. Increase of 
strength reached a value of about 20% from the original value when the 
whole natural aggregate was replaced by SSA [18, 19].  
 
4.0  CONCLUSION 
This review can prove that the problem of high quality coarse aggregate 
deficiency can be overcome by the existence of alternatives such as the 
use of steel slag in concrete mix. This is because textures and physical 
properties of steel slag residues that are almost identical to aggregates play 
a very important role in increasing the strength of concrete. In addition, 
according to JKR standards (2005), the size of the steel slag is also the same 
size as the aggregate contained in the standard. Workability and concrete 
stability for mixtures of concrete 0%, 40%, 60%, 80% and 100% steel slag were 
also found after this study. The results have shown that the workability of 
concrete waste mixtures with ratio of mixes 1: 1: 2 and 0.45 ratio of cement 
water reached high workability. This is evident through the content of steel 
slag mixes in concrete mixtures. The workability of the concrete is high when 
there is an increase in the percentage of steel slag in the concrete mix. The 
strength of concrete compression control and steel slag mixtures can also 
be compared with this review. The results showed that the concrete strength 
of steel slag mixture was higher than the control concrete mix. The increase 
in compressive strength of concrete for higher percentage replacement of 
slag aggregate was found to be less significant [20]. This is due to the 
bonding of each ingredient itself. This bond is formed as a result of the same 
iron residual texture as aggregate. The compressive strength of this concrete 
is higher when these empty spaces in concrete are filled. Finally, this study 
has proven that iron residues can be used as additives in concrete mixes as 
well as spare parts for coarse aggregates. 
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